The development of new technologies enables learners to learn more effectively, efficiently, flexibly and comfortably. Learners utilize smart devices to access digital resources through wireless network and to immerse in both personalized and seamless learning. Smart education, a concept that describes learning in digital age, has gained increased attention. This paper discusses the definition of smart education and presents a conceptual framework. A four-tier framework of smart pedagogies and ten key features of smart learning environments are proposed for foster smart learners who need master knowledge and skills of the 21 st century learning. The smart pedagogy framework includes class-based differentiated instruction, group-based collaborative learning, individual-based personalized learning and mass-based generative learning. Furthermore, a technological architecture of smart education, which emphasizes the role of smart computing, is proposed. The tri-tier architecture and key functions are all presented. Finally, challenges of smart education are discussed.
Introduction
With the exponential technological advances, anything could be instrumented, interconnected, and infused with intelligent design, so is education. Smart education has gained significance attention in recent years. Educational projects focused on smart education have been performed globally in recent years (e.g. Chan 2002; Choi and Lee 2012; Hua 2012; IBM 2012; . In 1997, Malaysia first carried out a smart education project, Malaysian Smart School Implementation Plan (Chan 2002) . Smart schools, which are supported by government, aim to improve the educational system in order to achieve the National Philosophy of Education and to prepare work force that meets the challenges of the 21 st century. Singapore has implemented the Intelligent Nation (iN2015) Master plan since 2006, in which technologysupported education is an important part (Hua 2012) . In the plan, eight Future Schools that focus on creating diverse learning environments are established. Australia collaborated with IBM and designed a smart, multi-disciplinary student-centric education system (IBM 2012) . Their system links schools, tertiary institutions and workforce training. South Korea had the SMART education project, the major tasks of which are reforming the educational system and improving educational infrastructures (Choi and Lee 2012) . New York' Smart School program emphasizes the role of technology integrated into the classroom (New York Smart Schools Commission Report, 2014) . They focus on enhancing student achievement and prepare students to participate in 21 st century economy. Finland also realized a smart education project that is on-going systemic learning solutions (SysTech) in 2011. The project aims at promoting 21 st century learning with user-driven and motivational learning solutions . United Arab Emirates (UAE) began to invest a smart learning program named Mohammed Bin Rashid Smart Learning Program (MBRSLP) in 2012, which aims to shape new learning environment and culture in their national schools through the launch of smart classes. Overall, the smart education focus and developments has become a new trend in the global educational field. In the following sections, the related research topics of smart education development are reviewed; The concept of smart education and a conceptual framework for research are proposed; Also a research framework on smart education is depicted. Furthermore, the technological architecture of smart education is mentioned and the role of smart computing is depicted. Finally, the challenges of facilitating smart education are presented to inspire researchers and educators who are interested in smart education design and development.
Literature review
The evolution of smart learning As a new educational paradigm, smart learning bases its foundations on smart devices and intelligent technologies (Lee et al. 2014; Kim et al. 2011) . As identified and heavily studied over the last decennia, technology can be implemented and utilized in helping learners learn. This is described as technology-enhanced learning (TEL). TEL is used to provide flexibility in the mode of learning. Technologies can be as media or tools for accessing learning content (Daniel 2012) , inquiry, communication and collaboration, construction (Bruce and Levin 1997) , expression (Goodman 2003) , and evaluation (Meyer and Latham 2008) in TEL.
With the development of mobile, connected and personal technologies, mobile learning has become a major TEL paradigm. Mobile learning emphasizes the utilizing of mobile devices and focuses on the mobility of the learner, in contrast to the static traditional educational types. In addition to that, the supporting of ubiquitous technology has caused further changes that moving learning style away from the mobile learning toward to the ubiquitous learning which emphasizes learning can take place anytime and anywhere without the limitations of time, locations, or environments (Hwang et al. 2008) .
Recently, many research begin to pay attention to the importance and necessity of authentic activities in which learners work with problems in the real world (Hwang et al. 2008) . In order to situate students in authentic learning environments, it is important to design learning that combine both real and virtual learning environments. Seamless learning, which overlaps with some aspects of mobile learning and ubiquitous learning, is expounded as an one-to-one TEL model which learners can learn across time and locations, and they can convert the learning from one scenario to another conveniently encompassing formal and informal learning, individual and social learning through the smart personal device (Chan et al. 2006) .
Also other intelligent technologies, such as cloud computing, learning analytics, big data, Internet of things (IoT), wearable technology and etc., promote the emergence of smart education. Cloud computing, learning analytics and big data, which focus on how learning data can be captured, analyzed and directed towards improving learning and teaching, support the development of the personalized and adaptive learning (Lias and Elias 2011; Mayer-Schönberger and Cukier 2013; Picciano 2012) . With these adaptive learning technologies, learning platform reacts to individual learner data and adapts instructional resource accordingly based on cloud computing and learning analytics, and it can leverage aggregated data across mass learners for insights into the design and adaptation of curricula based on big data (NMC 2015) .
In addition, the IoT and wearable technology support the development of contextual learning and seamless learning. The IoT can connect people, objects and devices. Learners carrying smart devices can benefit from various related information that is pushed to them from their surroundings (NMC 2015) . Wearable technology can integrate the location information, exercise log, social media interaction and visual reality tools into the learning.
The concept of smart learning
There is no clear and unified definition of smart learning so far. Multidisciplinary researchers and educational professionals are continuously discussing the concept of smart learning. Still, some crucial components have been discussed in literature. Hwang (2014) and Scott & Benlamri (2010) consider that smart learning is context-aware ubiquitous learning. Gwak (2010) proposed a concept of smart learning as follows: first, it is focused on learners and content more than on devices; second, it is effective, intelligent, tailored learning based on advanced IT infrastructure. The technology plays an important role supporting smart learning, but the focus should not just on the utilization of smart devices. Kim et al. (2013) considered that smart learning, which combines the advantages of social learning and ubiquitous leaning, is learner-centric and service-oriented educational paradigm, rather than one just focused on utilizing devices. Middleton (2015) also stipulates on the learner-centric aspects of smart learning and how it benefits from the use of smart technologies. The personal and smart technologies make learners engaging in their learning and increase their independence in more open, connected and augmented ways by personally richer contexts.
Also, others attempt to indicate the features of smart leaning. MEST (2011) presented the features of smart learning that is defined as self-directed, motivated, adaptive, resource-enriched, and technology-embedded. Lee et al. (2014) proposed that the features of smart learning include formal and informal learning, social and collaborative learning, personalized and situated learning, and application and content focus.
Smart learning environments
Generally, smart learning environment is effective, efficient and engaging (Merrill 2013) . The learner is always considered as the heart of smart learning environment. And the goal of smart learning environment is to provide self-learning, self-motivated and personalized services which learners can attend courses at their own pace and are able to access the personalized learning content according to their personal difference (Kim et al. 2013) . Koper (2014) proposed that smart learning environments are defined as physical environments that are enriched with digital, context-aware and adaptive devices, to promote better and faster learning. Hwang (2014) specified that the potential criteria of a smart learning environment include context-aware, able to offer instant and adaptive support to learners, and able to adapt the learner interface and subject contents. Smart learning environment not only enables learners to access ubiquitous resources and interact with learning systems anytime and anywhere, but also provides the necessary learning guidance, suggestions or supportive tools to them in the right form, at the right time and in the right place.
Learning can take place anytime and anywhere via the utilization of smart devices. The context-aware aspect plays an important role in smart learning environments that can support to provide proper learning service to learners. Kim et al. (2011) designed a smart learning environment based on cloud computing. The smart learning service provides context-awareness supporting push smart learning content to learners through collecting and analyzing their behaviors. It aims to provide personalized and customized learning services to learners. Scott and Benlamri (2010) built a smart learning environment, which is learner-centric and service-based, based on semantic web and ubiquitous computing. The learning environment is composed by ubiquitous collaborative learning spaces, which transform traditional learning spaces into intelligent ambient learning environments through context awareness and real-time learning services. Huang et al. (2012) considered a smart learning environment is high-level digital environment that realizes learning context awareness, recognizes learner's characteristic, provides adaptive learning resources and convenient interactive tools, records learning process automatically and evaluates learning outcomes. Its goal is to support easy, engaged and effective learning for learners.
Based on interactive resources and services, smart learning environment is learnerinitiated and collaborative (Noh et al. 2011) . Spector (2014) considered that smart learning environment supports planning and innovative alternatives for learners and instructors, and should be effectiveness, efficiency, engagement, flexibility, adaptivity, and reflectiveness. And these features might include support for collaboration, struggling learners and motivation.
Through reviewing these literatures, we can find that smart learning environment emphasizes learner-centric, personalized and adaptive learning service, interactive and collaborative tools, context-aware and ubiquitous access. And smart learning environment aims to support to realize the effective, efficient and meaningful learning for learners.
The meaning of smart in smart education
Globally many countries have participated in projects focused on smart education. Malaysian smart schools aim to help their country to foster the workforce of 21 st century by utilizing and enabling the leading-edge technologies into schools. And the smart schools not only focus on stimulating thinking, creativity, and caring for the students, but also considering the individual differences and learning styles among their learners. The smart education in Singapore also emphasizes the role of technology. Their goal is to foster engaging learning experience to meet the diverse needs of learners, through the innovative use of information and communications technology (Education and Learning Sub-Committee, 2007) . In order to realize this, Singapore created an enriching and personalized learner-centric environment, and additionally created a nation-wide education and learning architecture for educational institutions and life-long learning. Korea carried out the smart education project to provide the customized and adaptive learning for students to foster self-directed learning ability and have fun to use various resources and technology. Individualized instruction and creativity-centered education is considered as the main keyword of smart education. Australia aims to build a smart, multi-disciplinary student-centric education system using the following strategies: adaptive learning programs and learning portfolios for students, collaborative technologies and digital learning resources for teachers and students, computerized administration, monitoring and reporting, and online learning resources. New York proposed the keys for achieving Smart School as following: embracing and expanding online learning, utilizing transformative technologies, connecting every school using high-speed network, extending connectivity between inside and outside of the classroom, providing high-quality, continuous professional development, and focusing on foster 21 st century skills (New York Smart Schools Commission Report 2014). Finnish smart education aims at using user-driven and motivational learning solutions to promote 21 st century learning . They proposed a pedagogical network of educational institutions called "value network" that is the central of program. It has five categories as following: to understand user experience and usability, to receive expert feedback, to indicate learning outcomes, effects and quality of learning, to develop skills and expertise . United Arab Emirates (UAE) aims to advance their education system to student-centric through the application of world-class teaching science and latest technology. They encourage learner to develop creativity, analytic thinking and innovation. Their approach encompasses learning both inside and outside the classroom. The students can control and active participant into their own learning process in interactive, engaging and enabling learning environments. Through analyzing these smart education projects, we can find some generalities as follows. The goal of smart education is to foster workforce that masters 21 st century knowledge and skills to meet the need and challenge of society. Intelligence technology plays an important role in the construction of smart educational environments. In smart educational environments, learning can happen anytime and anywhere. It encompasses various learning styles, such as formal and informal learning, personal and social learning, and aims to realize the continuity of learning experience for learner. In this learners are provided with personalized learning services as well as adaptive content, and according to their (learning) context and their personal abilities and needs. So generally, 'smart' in smart education refers to intelligent, personalized and adaptive. But for different entities and/or educational situations, the meaning of 'smart' has different definitions. For learner, 'smart' refers to wisdom and intelligence. Wisdom is defined as the ability to use your knowledge and experience to make good decisions and judgments. According to Confucius who is the most famous educator of China, wisdom can be achieved by three methods: reflection (the noblest), imitation (the easiest) and experience (the bitterest). In addition, the intelligence is the ability to solve problems that are valuable in one or more cultural settings (Gardner 2011). According to the concepts of wisdom and intelligence, we comprehend that smart for learner means an ability enabling people to think quickly and cleverly in different situations.
For educational technology, 'smart' refers to accomplish its purpose effectively and efficiently (Spector 2014) . The technology includes the hardware and software. For hardware, 'smart' refers to the smart device much smaller, more portable and affordable. It is effective to support learner take place the learning anytime and anywhere with smart devices. And some hardware (e.g., smartphones, laptop, Google glass, etc.) has functions to recognize and collect the learning data to engage the learner into contextual and seamless learning. For software, 'smart' refers to adaptive and flexible. It is efficient to carry out personalized learning for learner according to their personal difference, with adaptive learning technologies (e.g. cloud computing, big data, learning analytics, adaptive engine, and etc.).
For educational environment, 'smart' refers to engaging, intelligent and scalable. Smart educational environment can provide tailored and personalized learning service (e.g. context awareness, adaptive content, collaborative and interactive tool, rapid evaluation and real-time feedback, etc.) to engage the learner into effective, efficient and meaningful learning. And the open system architecture is required to better support the integration of increasing interfaces, smart devices and different learning data.
Research framework of smart education
Based on the generalities of different countries' smart education and the meaning of smart, the concept of smart education is proposed. Zhu and He (2012) stated that "the essence of smart education is to create intelligent environments by using smart technologies, so that smart pedagogies can be facilitated as to provide personalized learning services and empower learners, and thus talents of wisdom who have better value orientation, higher thinking quality, and stronger conduct ability could be fostered "(p. 6).
And based on this definition of smart education, a research framework is proposed in Fig. 1 . This framework describes three essential elements in smart education: smart environments, smart pedagogy, and smart learner. Smart education emphasizes the ideology for pursuing better education and thus had better to be renamed as smarter education, which address the needs for smart pedagogies as a methodological issue and smart learning environments as technological issue, and advances the educational goals to cultivate smart learners as results. Smart environments could be significant influenced by smart pedagogy. Smart pedagogies and smart environments support the development of smart learners. 
Smart learners
Learning is conventionally defined as the process of acquiring competence and understanding. It results in a new ability to do something, and an understanding of something that was previously not understood. Competence is sometimes described in terms of possessing specific skills, understanding in terms of possessing specific knowledge.
The 21 st century demand skills and competence from people in order to function and live effectively at work and leisure time. Education needs to prepare workforce for the demand. So the goal of smart education is to foster smart learners to meet the needs of the work and life in the 21 st century. (Burkhardt et al. 2003) .
Based on these researches, we propose four level of abilities in smart education that students should master to meet the needs of the modern society. These abilities are basic knowledge and core skills, comprehensive abilities, personalized expertise and collective intelligence. These are grouped under knowledge, skills, attitudes, and values. The four levels of abilities are presenting in detail as following.
(1)Basic knowledge and core skills. Basic knowledge and core skills referring to knowledge and skills in core subjects such as STEM, reading, writing, art and etc. Mastery of these core subjects is essential to students' success (P21 2015). Jenkins (2009) also considered that the reading, writing and mathematics are core capabilities for 21 st century.
(2)Comprehensive abilities. Comprehensive abilities refer to abilities to critical think and solve real-world problem. Most of the 21 st century skills frameworks raise the demands of thinking ways for people (Ananiadou and Claro 2009; Burkhardt et al. 2003; P21 2015) . These abilities let student use appropriate reasoning and comprehensive thinking in different complex situations. Based on analyzing and making judgments and decisions, students should solve different problems and produce better solutions. (3)Personalized expertise. This level ability demands the students to master information and technology literacy, creativity and innovation skills. Information and technology literacy demands students master ICT skills that include using different ITC applications and combining cognitive abilities or higher-order thinking skills for learning (Ananiadou and Claro 2009) . Creativity and innovation skills demand students to think and work creatively with others, and can act creative ideas to make contributions to the field in which the innovation will occur. (4)Collective intelligence. The ways of working are important which need communication and collaboration. Collective intelligence refers to knowledge that built up by a group of people via communication and collaboration. After the previous work with information and knowledge, students need to reflect about the ways to share and transmit the results or outputs to other people (Ananiadou and Claro 2009) . So students need to communicate clearly and effectively in various ways. Also collaboration demand students work effectively and respectfully in diverse teams (p21 2015).
Smart pedagogies
With the rapid development of technologies, increasingly flexible and efficient learning methods for students are developed. Research in cognitive science has indicated that knowledge and skills are closely intertwined (Scardamalia and Bereiter 2006) . It needs mixing content knowledge and process skills to produce understanding which learners need. Then learners execute their understanding in practice to produce their performances. The critical thinking and learning skills are very important, but these skills cannot be taught independently and some appropriate factual knowledge need to be taught in particular domain and context (Ananiadou and Claro 2009) . Using the deliberate instructional or learning strategies can be related to cultivate the knowledge and skills for learners. So in order to fostering different abilities of smart learners, we searched the literatures about related pedagogies or learning strategies using conventional subject searching method in some databases. Through analyzing the literatures, we summarized and adopted relevant practical methods. Students usually accept basic knowledge and core skills in the classroom. Learning goal and process always are the same for each student in traditional classroom. But students with different backgrounds have different needs. Every student deserves a strict education matched with content and performance standards that promote the understanding (Tomlinson and McTighe 2006) . The classroom should be differentiated and responsive to vary learners' readiness levels, interests and learning profiles (Tomlinson and Kalbfleisch 1998) . Differentiated instruction emphasizes the different needs of each individual student and cultivates the basic knowledge and core skills for students.
Whether learning happens in the classroom or online, students who have different performances often need to learn together in-group or team to fulfill common task or achieve common goal. In collaborative process, learners can be fostered comprehensive abilities including critical thinking and solve problem ability (Gokhale 1995; Stahl 2006) . Students in cooperative teams can keep knowledge longer through sharing information and engage in discussion at higher levels of thought to take responsibility for their own learning (Totten et al. 1991) .
Learning processes should be tailored according to the students' learning needs that include requirements, background, interests, preferences, etc (Sampson et al. 2002) . In particular, personal interest is more important than external motivation because it is driven by students' own passion (Malone 1981) . Interest-driven personalized learning emphasizes the interests of students and can fosters intrinsic motivations, and then promote the personalized expertise for students (Atkins et al. 2010) .
Intelligence is an ability to get things done that matter. Sternberg (1999) describes the three basic aspects of successful intelligence that include analytical thinking, creative thinking and practical application. As mentioned before, we facilitate abilities including problem solving, decision making, creative thinking and interest-driven learning for learners. We need to integrate these abilities to generate intelligence. It is similar to the transfer of learning, or something in which we have been learned in specific situations that are intentionally applied in other different related conditions (Barnett and Ceci 2002) . Learning is a generative process. In such a process, the learner is an active recipient of information who works to construct meaningful understanding of information found in the environment (Wittrock 1974) . Generative learning can enable learners to flexible apply the intelligence what they have learned and generated to various relevant future situations (Engle 2006; Fiorella and Mayer 2015) .
So, in order to foster the learners' performances, we propose four instructional strategies as demonstrated in Fig. 2 . These strategies include class-based differentiated instruction, group-based collaborative learning, individual-based personalized learning (interest-driven predominantly) and mass-based generative learning (through online interactions predominantly). All these strategies encompass formal and informal learning, in both the real and the digital world. The four levels of smart strategies are presented in detail as following.
(1)Class-based differentiated instruction. Differentiated instruction is a process to approach teaching and learning for students with different abilities in the same class (Hall 2002) .
And it can coexist with standard-based education (McTighe and Brown 2005). The classroom is considered as a community that the students are treated as individual learners (Lawrence-Brown 2004). Teachers set different levels of expectations for learning task completion within a lesson or unit through differentiated instruction (Waldron and McLeskey 2001
). Under differentiated instruction, all the students have tailored learning preferences and learn effectively. (2)Group-based collaborative learning. Collaborative learning is a situation that two or more people learn or attempt to learn something together (Dillenbourg 1999) . Teachers design the collaborative learning process to make meaningful learning experiences and promote students' thinking through solving real world problem. With the development of technology, computer-supported collaborative learning (CSCL) has emerged using computer and information technology to improve learning (Stahl et al. 2006) . Koschmann (2002) presents that CSCL is "a field of study centrally concerned with meaning and the practices of meaning making in the context of joint activity, and the ways in which these practices are mediated through designed artifacts". (p. 18) CSCL can engage students in joint problem solving by designing Fig. 2 Four-tier architecture of smart pedagogies software to support meaning making, focus on the students' methods of problematization, and promote intersubjective meaning making when students learn in small groups (Stahl 2006) . (3)Individual-based personalized learning. Personalized learning is defined as adjusting pace (individualization), adjusting approach (differentiation) and connecting to the learners' interests and experiences (Atkins et al. 2010) to meet the student's needs and provide supporting to foster learning ability among individual students (Bentley and Miller 2004) . In the personalized learning process, students achieve goals or explore interests based on their motivation. But it is not enough, the essential of personalized is that content is flexible to meet the interests of particular students. When students interact with the personal learning environments, their information and technology literacy will be enhanced. They can be engaged in learning activities and their creativity can be inspired in the learning process (Järvelä 2006) . There are four key issues to enabling personalized learning through information technologies as follows: make informed learning decisions by students, develop and diversify different knowledge and skills, create various learning environments, and focus the evaluation and feedback from students (Green et al. 2005) . (4)Mass-based generative learning. The fundamental concept of generative learning involves the creation and refinement of personal mental constructions about the environments (Ritchie and Volkl 2000) . Engle (2006) proposed a theoretical framework for generative learning that combines content and context analysis. The goal is to let students participate in the construction of the transferred content and to frame the learning and transfer contexts to create intercontextuality. When students are learning online, they are able to link new information to old, acquire meaningful knowledge and use their metacognitive abilities (Bonk and Reynolds 1997). These activities can promote the students to active participate in constructing relevant content. Also online learning allows students to collapse time and space limitation (Cole 2000) . It has high interactivity, collaboration and authenticity. These features can support to frame time and participation to create intercontextuality. Then in the leaning process, the abilities especially the communication and collaboration should be facilitated generate for students.
Smart learning environments
The traditional learning paradigm has been criticized for being too artificial, rigid and unresponsive to the needs of today's society (Kinshuk and Graf 2012). With the development of new technologies and the emergent of new pedagogies in digital age, the use of technologies to facilitate learning and engage learners has become a universal phenomenon. Piccoli et al. (2001) define and expand the dimensions of learning environments, which include space, place, time, technology, control and interaction. So it is possible to design new learning environments, both technically and pedagogically. From the technical perspective, ambient intelligence (AmI) is growing rapidly as a new research paradigm recently (Shadbolt 2003) . In AmI environments, devices support people in executing their daily life activities and tasks in an easy and natural way by using intelligence and information from the network. Devices can interact and communicate independently without coordination with people and make decisions based on a series of factors, including people's preferences and other people's presence in the neighborhood (Preuveneers et al. 2004 ). Most students today are digital natives, who have been immersed in the use of smart mobile devices and digital resources for communications, learning, and entertainment in everyday life (Bennett et al. 2008) .
From the pedagogical perspective, learning analytics as underlying methods enables institutions to support learners making progress and to enable rich and personalized learning (Siemens and Long 2011) . The general goal of learning analytics is to monitor the learning process and then use the data analysis to predict the future performance of students as well as to find their potential problems (Siemens 2013; Zhu and Shen 2013) . It is possible for teachers to offer informative feedbacks to learners through virtualized learning dashboards via learning analytics. It is beneficial to have a general view of the learners' activities and how these are related to their peers or other actors in the learning experience through visualizations for learners and teachers (Duval 2011) .
Smart learning environments supported by technologies should not only enable learners to digital resources and interact with the learning systems in any place and at any time, but also actively provides them with the necessary learning guidance, supportive tools or learning suggestions in the right place, at the right time, and in the right form (Hwang 2014) . There are many different types of technologies used to support and enhance learning, which include both hardware and software. Hardware include those tangible objects such as interactive whiteboard, smart table, e-bag, mobile phone, wearable device, smart device, sensors which using ubiquitous computing, cloud computing, ambient intelligence, IoT technology, etc. Software include all kinds of learning systems, learning tools, online resources, educational games which using social networking, learning analytics, visualization, virtual reality, etc.
Based on the support of various technologies, we consider that the goal of smart learning environments is to provide rich, personalized and seamless learning experience for learners. To provide seamless learning experience, smart environments can encompass formal and informal learning. To realize personalized learning experience, smart learning environments can provide accurate and rich learning services by using learning analytics. So based on smart education demand, we propose ten key features of smart learning environments as following.
1. Location-Aware: Sense learner's location in real time; 2. Context-Aware: Explore different scenarios and information of activity; 3. Socially Aware: Sense social relationship; 4. Interoperability: Set standard between different resource, service and platform; 5. Seamless Connection: Provide continuous service when any device connects; 6. Adaptability: Push learning resource according to learning access, preference and demand; 7. Ubiquitous: Predict learner's demand until express clearly, provide visual and transparent way to access learning resource and service to learner; 8. Whole Record: Record learning path data to mine and analyze deeply, then give reasonable assessment, suggestion and push on-demand service; 9. Natural Interaction: Transfer the senses of multimodal interaction including position and facial expression recognition; 10.High Engagement: Immersing in multidirectional interaction learning experience in technology-riched environment.
Technological architecture of smart education environments
Smart computing is the latest cycle of tech innovation and growth that began in 2008 (Bartels 2009 ) and an important technology in smart learning environments. It blends elements of hardware, software and networks together with digital sensors, smart devices, Internet technologies, big data analytics, computational intelligence and intelligent systems to realize various innovative applications. All these technologies can effectively support learning to happen in different situations. Above all, the advancement of computing technologies leads smart computing to a new dimension and improves the ways of learning.
In section 3, we proposed ten key features of smart learning environments in smart education. All these features make learning environments smarter. To better understand the technological architecture to support the key features, we present a technological architecture of smart education environments based on smart computing.
Tri-tier architecture of smart computing
Today's world is moving fast towards an era of seamless networks as mobile devices are becoming smaller, smarter and more affordable. Ubiquity of such devices is an essential element for location based services and learning data transmission. Also computing is rapidly moving away from traditional devices. The tri-tier architecture of smart learning environments is essential which includes cloud computing, fog computing and swarm computing. In this tri-tier architecture, the cloud, fog and swarm are companions. Learning applications may have components running in the cloud, fog and swarm. The cloud and fog may help control and manage the resources of the swarm. Learning contents can move and be analyzed across this tri-tier architecture.
(1)Cloud computing. The innermost layer is the cloud computing, which provides software as a service. It deploys groups of remote servers and software networks that allow centralized data storage and online access to computer services and resources. In smart learning environments, we need method to rationalize the way managing the resources. It is the infrastructure of smart learning environments and provides the platform, virtualization, centralized data storage, and educational services in education. Using cloud computing, the smart learning environments can realize smart pull, smart prospect, smart content, and smart push (Kim et al. 2011 ). (2)Fog computing. The middle of the tri-tier architecture is the fog computing.
Nowadays in IoTs, literally anything can part of it, so very diverse types of services can be produced. This requires much better infrastructure and sophisticated mechanism. This technology is a highly virtualized platform that provides compute, storage, and networking services between end devices and traditional cloud computing data centers, typically, but not exclusively located at the edge of network (Bonomi et al. 2012) . Through the features of fog computing, smart learning environments can realize real-time interaction, location-awareness, large-scale sensor networks, supporting for mobility and so on.
(3)Swarm computing. The outermost layer is the swarm computing. As the computing technology continues to become increasingly pervasive and ubiquitous, we envision development of environments that can sense what we are doing and support our daily activities (Essa 2000) . Swarm computing, is also called environment-aware computing, can execute on swarms of smart devices and the networks of sensors due to ubiquitous sensing. And these sensors' data will transfer to data management systems to analysis.
Key functions of smart computing
In addition, smart computing allows computing technologies smarter because of five key functions of intelligence that are awareness, analysis, alternatives, actions and auditability (Bartels 2009 ). In the tri-tier architecture, the swarm computing support awareness, the fog computing support analysis, alternatives, and the cloud computing support actions and auditability. When smart computing is used in building smart learning environments or systems, it is able to support every stage of intelligent activities.
(1)Awareness. Learning happens anywhere and anytime. We can use technologies such as swarm computing, pattern recognition, data mining, learning analytics, and other tools, capture data on students' identity, status, condition, and location. Networks can transport this data from learner devices back to smart learning systems central servers for analysis. (2)Analysis. When system servers receive real-time data from learner devices, intelligence and analytical tools such as learning analytics, data mining, and big data, are used to analyze and store the learning data, and then recommend learning patterns and resources to learners. (3)Alternatives. Using learning flow or workflow engines, it is able to identify either automatically or through human review alternative courses of action in response to the learning patterns. Once a decision is made, it will trigger the learning action. (4)Actions. Using integrated links, systems can execute actions to the appropriate process applications. These process apps can be adapted to various scenarios, with specific app components pushed down to our smart devices where we can execute action, that learner receive related learning resource in the museum or acquire location information outside. (5)Auditability. Whether right learning action was actually taken can only be determined under the auditability. In smart education, it is important to monitor learning process and to make it more efficient. Smart learning systems need to capture, track, and analyze data of learning activities at each stage for purposes of learning evaluation and improvement.
The implementation strategies for research
The first author and his East China Normal University (ECNU) team have engaged in substantial research and development relating to smart education, only a part of efforts is mentioned here:
( Case studies based on the research framework
Based on the research framework of smart education, we began to carry out some pilot studies. Here introduces two case studies of them. One is flipped classroom project that integrated smart pedagogies and constructed smart learning environments for students. Another pilot project is called "Online J classroom" that also integrated smart pedagogies into learning process to realize precision teaching. The flipped classroom pilot project is carried out in a middle school of north China. The core idea of flipped classroom is to flip the common instructional approach (Tucker 2012). Instruction, which used to happen in class, is now occurred at home with teacher-created videos and interactive lessons. The project aims at fostering selfregulated and collaborative learning abilities for students. At first, there are four classes participating into the project, and then it is extended to all the classes of the school. A process model of flipped classroom based on the idea of smart pedagogies is proposed that includes two phases that include self-regulated questioning and practice showing. Self-regulated questioning phase is consisted of learning objective guiding, textbook self-regulated learning, micro-lecture assisted learning, cooperative learning, and online assessment. Practice showing phase is consisted of difficult breakthrough, practice showing, cooperative improving, evaluated guiding, and summarize reflection. Every student uses the tablet PC to support learning. Through analyzing the questionnaires and interviews data, we found that students' learning statement, learning capacity and problem consciousness have significantly enhanced. To teachers, they began to more focus on students' personal learning, and their professional competence has been significantly improved. To school, the overall teaching level has obviously raised.
Online J-Classroom is a district-based project that aims at providing micro-videos in pre-learning process for students. A data-driven instructional decision model is proposed for designing precision teaching interventions. Precision teaching is the educational decisions based on changes in continuous self-recording performance frequencies using the standard celeration charts (Lindsley 1992) . The online JClassroom platform has three major functions including resources co-building and sharing, data recording and analyzing, cooperating and innovating between teachers and students. The latest platform version is delivered in October 2015. Through monitoring and analyzing the data of learning process, platform can provide personalized instructional design including direct teaching based on problem, problem solving oriented cooperative inquiry, and task-driven self-regulated learning for students. Students can be ensured to master all the knowledge after pre-learning as well as their self-regulated learning ability should be enhanced.
Conclusion: challenges of facilitating smart education
As stated, smart education is a new paradigm in global education. The objective of smart education is to improve learner's quality of life long learning. It focuses on contextual, personalized and seamless learning to promote learners' intelligence emerging and facilitate their problem-solving ability in smart environments. With the development of technologies and within a modern society, smart education will confront many challenges, such as pedagogical theory, educational technology leadership, teachers' learning leadership, educational structures and educational ideology.
In our expectation on smart education, the smart learning environments could decrease learners' cognitive load, and thus enable learners to focus on sense making and facilitate ontology construction. Also students' learning experience could be deepened and extended, and thus help students' development in an all-round way (affectively, intellectually, and physically). Students can learn flexibly and working collaboratively in smart learning environments, and thus could foster the development of personal and collective intelligence of learners. Furthermore, better customize learning support could be provided for students to improve learners' expectation.
As the concept of smart city has been paid more attention (Hollands 2008) , the requirements of smart education based on smart city are promoted. The overall goal of smart education under smart city architecture is to provide every citizen personalized services and seamless learning experience. Learning happens in anywhere and anytime and produce lots of behavioral data of learners. How to integrate the data of different scenarios in smart cities and build data-centric smart education is a big challenge to educators in order to provide seamless learning experience and customized personalized service for learners. The interconnected and interoperable learning service and experience between smart education system and other systems of smart city are the future research focus.
